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I. INTRODUCTION 
Sound water resource management is often facilitated by the use of 
mathematical models which predict the effects of changes to a system's water 
quality or quantity. Once calibrated and verified, such models can assess the 
impact of future loadings, proposed changes in treatment levels and other 
management alternatives. 
A one-dimensional, intra-tidal, mathematical ecosystem model which can 
accommodate side-branches or tributary inflows was applied to the Ware River. 
This model was previously tested, run and documented on the Back and Poquoson 
Rivers (Hyer, 1977)~ Data from the intensive river surveys conducted July 9-
10, 1980 and March 25-26, 1981 were used to calibrate and verify the model. 
The purpose of this report is to describe the model calibration and 
verification results. A discussion of estuarine hydrography, land usage 
within the drainage basin, freshwater discharge, meteorological conditions 
during the sampling period, and other factors affecting water quality in the 
Ware River are presented in Chapter II. A description of the mathematical 
model 
model 
can be found in Chapter III, whereas Chapter IV details employed 
input parameters. Finally, Chapter V presents results of both 
calibration and verification runs. 
the 
the 
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II. DESCRIPTION OF THE STUDY AREA 
The Ware River drainage basin lies on the Middle Peninsula of Virginia 
between the York and Rappahannock Rivers, as shown in Figure 1. The Ware, 
the Severn, the North and the East Rivers debouch to Mobjack Bay on the 
southwestern shore of Chesapeake Bay. Beaverdam Swamp and Fox Mill Run are 
two freshwater tributaries which drain the upper reaches of the basin and 
provide nearly continuous flows to the estuary. In addition to the two main 
stems of the river, two small sub-basins drain into man-made impoundments, 
Cow Creek Pond and Robins Pond, before discharging to the tidal waters of 
Beaverdam Swamp and Wilson Creek respectively. The freshwater streams 
generally are shallow (less than 1 meter deep) and not especially wide 
(usually less than 4 meters). The channels are sinuous, frequently braided 
and often interrupted by beaver dams, especially in the headwaters. 
Tidal effects are observed at the Route 14 crossing of Beaverdam Swamp 
and just downstream of the Route 17-Business crossing of Fox Mill Run . In 
the transition zone the salinity gradients are large and the channels follow 
a serpentine course through extensive tidal marshes on either side of 
Deacon's Neck. The Ware proper is formed by the confluence of these two 
tidal streams at Warehouse Landing. The main channel of the estuary is 
broad and shallow and is approximately 6 miles (9.6 km) long. The river 
depth at Mean High Water varies from 26 feet (8 meters) at the mouth to less 
than S feet (1.5 m) near Warehouse Landing. The channel margins and 
subtidal flats are generally narrow, making up less than 20% of the river 
surface area. Salinities usually are 17-21 parts per thousand (ppt) at the 
mouth, and reflect the strong influence of Chesapeake Bay. Salinities at 
the con£ luence range between 6 and 17 ppt showing the influence of runoff. 
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WARE RIVER BASIN 
LOCATION : GLOUCESTER COUNTY, VA. 
APPROX. AREA : 
1~4 km 2 ORA INAG E BASIN 
20 km 2 ESTUARY 
174 km2 TOTAL 
MOBJACK 
BAY 
t--5 Ml. 
IOKM. 
CHESAPEAKE 
BAY 
FIGURE 1. Location of the study area, shaded portion delineates drainage boundaries of the Ware River watershed. 
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The drainage area of the Ware is 67 square miles (174 square 
kilometers). Land use in the basin is rural, with over 70% of the land 
occupied by forests. Agriculture, primarily rowcrops with annual rotation 
of corn and soybeans, accounts for about 12% of the total land area. 
Residential and commercial uses occupy only about 7.2% of the basin; the 
majority of this development is at Gloucester Court House, located near the 
center of the watershed. The single point source in the basin, a sewage 
treatment plant serving Gloucester, discharges to Fox Mill Run approximately 
150,000 gallons per day of secondary effluent about a third of a mile above 
the tidal reaches. 
The freshwater discharge entering the Ware River is small relative to 
the· volume of the estuary. The long term average discharge at the USGS 
gaging station near Ark, Va. on Beaverdam Swamp is 7 cubic feet per second. 
The average annual rainfall is 44 inches (111 cm) based on a thirty year 
record for 27 gages in Virginia's coastal plain (U. s. Environmental Data 
Service, 1979). Monthly average rainfall is fairly uniform and ranges from 
about 2.8 in. (7 cm) in April to nearly 5 in. (12 cm) in July. Although 
rainfall is high during summer months, monthly mean discharges are lowest 
then, presumably due to high rates of evaporation and transpirat i on . 
Meteorological conditions vary appreciably from year to year. For 
example, 1979 was a wet year and 1980-1981 was very dry. The snowfall 
during the 1978-79 winter was exceptionally high for this area and was 
greater than any since records have been kept. Both total rainfall and 
stream discharge for 1979 were high, and the rainfall was unevenly 
distributed throughout the year. For example, the rainfall during September 
and November 1Y79 was the highest for the years 1966 through 1979, while 
the rainfall for December 1979 was the lowest for that month during the same 
period. During 1979 and early 1980 there was a 13 in. (33.4 cm) surplus of 
5 
rainfall compared to the average expected for Tidewater (51 in. based on 
data for 1940-1970). During the latter part of 1980 and 1981 there was a 15 
in. (37.8 cm) deficit in rainfall. As a result of the drought, Beaverdam 
Swamp reached zero discharge in late July 1981, the first time this has 
occurred since 1953 (US~S, 1981). 
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CHAPTER Ill. THE MATHEMATICAL MODEL 
The water quality model used for this study is a one-dimensional, intra-
tidal model which simulates the longitudinal distribution of cross-sectional 
average concentrations of water quality measures, including the temporal 
variation of these concentration fields in response to tidal oscillation. The 
water quality measures simulated in the model include dissolved oxygen (DO), 
carbonaceous biochemical oxygen demand (CBOD), organic nitrogen, ammonia 
nitrogen, nitrite-nitrate _nitrogen, organic phosphorus, inorganic phosphorus, 
phytoplankton (quantified as chlorophyll 'a'), and salinity. Temperature, 
turbidity, and light intensity are important parameters for the biochemical 
interactions taking place, but are not modeled directly. Instead the values 
for these parameters are specified as inputs to the model. Their influence on 
the biochemical reaction rates is taken into account mathematically. 
The model is based on the one-dimensional mass-balance equation for a 
dissolved or suspended substance in a water body. 
where 
a (AC)+ a (QC)= a (EA ac) + A Se+ A Si 
at ax ax ax 
tis time, 
xis the distance along the axis of the estuary, 
A is the cross sectional area, 
Q is discharge, 
C is the concentration of dissolved or suspended substance, 
Eis the dispersion coefficient, 
Se is the time rate of external addition (or withdrawal) of 
mass across the boundaries, i.e. free surface, bottom, 
and lateral boundary, 
(l) 
Si is the time rate of increase or decrease of mass of a particular 
substance by biochemical reaction processes. 
Hyer, et al. (1977) have described the equations representing the 
biochemical transformations, the finite difference formulation, the numerical 
schemes and other details of the modelling approach. 
The model is implemented by solving Equation (1) based on combinations of 
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parameters Q,. E, A, Se, and Si. The solution to Equation (1) involves 
integration which results in an expression for the dissolved substance as a 
function of distance and time. Three constants of integration, two boundary 
conditions and an initial condition, are needed to solve the equation. 
Analytical solutions obtained through integration are available, however, only 
for the simplest of cases. In most actual modelling applications, non-uniform 
initial conditions and variations in flow, cross-section and other parameters 
which do not fit convenient mathematical forms make an analytical solution 
impossible to obtain. Therefore, Equation (1) must be solved by approximate 
numerical means. 
The most common numerical approach to solving Equation (1) is the finite 
difference method in which the continuum of the water body is divided into a 
number of discrete sections and derivatives are replaced by the ratios of 
change in the appropriate variables across these sections. The resulting 
finit~difference equations are then solved by a suitable algorithm on a high 
speed computer. For details of the implicit numerical scheme used in this 
model, see Hyer, Kuo and Neilson (1977). 
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IV. MODEL PARAMETER EVALUATION 
Implementation of the mathematical model outlined in Chapter III requires 
the identification and evaluation of a large number of parameters of three 
basic types: 
measurements 
physical, calibration, and input. Physical parameters are the 
(e.g. channel cross section) which define the physical 
characteristics of the river system. Under this heading also are the 
dimensions such as segment length needed for the finite difference solution. 
Calibration parameters are the biochemical rate constants (e.g. BOD decay 
rate) and inputs which cannot be measured in the field. They are initially 
obtained from literature values and from experi'ence in the analysis of similar 
water bodies and are adjusted, within reasonable limits, to improve the 
predictive capability of the model. Input parameters (e.g. poin~source 
discharges) are a set of conditions upon which the modeller wishes to base a 
water quality prediction. 
A. Physical Parameters 
1. Finite Segments 
The main stem of the Ware River was divided into 10 segments and numbered 
from one at the upstream end to ten at the downstream end. Because the 
proposed outfall location is in the upstream area, and a greater number of 
field stations were located thereabouts, segments 1-5 were established at 
approximately 0.5 mile (0.8 km) intervals, whereas the downstream reaches were 
generally twice that length. 
Wilson's Creek was assigned 4 segments each roughly 0.3 mile (0.48 km) in 
length, and numbered from one at the upstream end to four at the confluence 
with the main stem. Fox Mill Run, the tributary which currently receives the 
treated waste waters, was partitioned into 10 small segments. These segments 
were numbered from one at the upstream end (0.32 mi. (0.51 km) above the STP 
h 
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outfall) to ten at the downstream end; the latter adjoined to Ware River 
segment 4. Average reach length in Fox Mill Run was 0.3 mile (0.48 km). The 
first segment of the Ware River is a dummr segment, required by · an artifice of 
the computer program, and is excluded from further analysis. The segments 
are shown in Figure 2, with transects dividing the adjacent segments. 
Physical parameters including the river mile of each transect as measured from 
the river mouth at Mobjack Bay, the transect cross-sectional area, the 
transect and reach (segment) average depth and the reach (segment) volume are 
summarized in Table 1. These parameters were derived from National Ocean 
Survey maps of Mobjack Bay and York River Entrance (Chart No. 12238) and from 
VIMS bathymetry surveys conducted in September, 1979 and November, 1980. 
-2. Tidal Velocity and Phase 
Tidal phase and velocity are needed to reproduce the prototype flow 
field in the model. The amplitudes of tidal velocity were derived from 
current meter data obtained in the main stem of the Ware River and Wilson's 
Creek in August, 1979 and July, 1980. The tidal phase difference along the 
river is negligible and assumed to be zero. Due to the shallow depths present 
in Fox Mill Run, current meters were not installed. Instead, tidal velocities 
Were calculated based on the tidal prism. The amplitudes of tidal velocities 
obtained for each transect are presented in Table 2. 
B. Calibration Parameters 
The calibration parameters required by the model include the dispersion 
coefficient, the biochemical rate constants and the phytoplankton related 
coefficients. 
The model was calibrated using data from an August, 1980 intensive survey 
and validated using data from an intensive survey conducted in March of 1981. 
1. Dispersion Parameters 
The dispersion parameters were obtained via a recursive process in which 
Figure 2. Segmentation of the Ware River into finite sections. 
Table l . Physical Characteristics of Finite Sections - English Units 
River Mile Transect Transect Total Transect Reach Reach Reach 
Transect of Conveyance Cross Section Depth Dep t h Volume 
Transect Area million 
10,000 sq . ft. 10,000 sq.ft. ft ft cu.ft. 
Dimensions of the Main Stem of the Ware River 
l 7.8 0.03 0.03 3.7 
2.5 0.20 l 
2 7 .4 0.10 0 .10 1.3 
'""" 1.5 0 .so 2 '""" 
3 6.8 0.23 0.23 l.7 
2.4 0.60 3 
4 6.4 0.38 0 . 38 3. l 
3.5 1.19 4 
5 5.8 0 .66 0 .68 3.9 
5 .4 3.20 5 
6 5 .1 1.06 1.08 6.8 
7.3 5.20 6 
7 4.3 1.32 1.33 7.8 
8.3 7.00 7 
8 3.7 3.22 3.22 8.8 
7 .s 17 .5 8 
9 2 . 8 3.73 3.97 6.2 
9 .1 38.5 9 
10 1.6 8.30 b.72 11.9 
12.2 86.3 10 
11 o.o 9.60 11.58 12.5 
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Table 1. (Cont'd) 
River Mile Transect Transect Total Transect Reach Reach Reach Transect of Conveyance Cross Section Depth Depth Volume 
Transect Area 100,000 
100 sq.ft. 100 sq.ft. ft ft cu.ft. 
Fox Mill Run 
1 9.2 a.so 0 .so 2.4 
2.4 1.48 121 2 8.7 0.75 0.75 2.5 
2.6 0.77 122 3 8.5 0.90 0.90 2.6 
2.6 1.11 123 4 8.3 1.20 1.20 2.7 
I-' 
2.8 1.42 124 N 5 8.1 1.50 1.50 2.8 
2.9 2.49 125 6 7.9 2.00 2.00 3.0 
3.1 3.03 126 7 7.6 2.25 2.25 3.2 
3.3 4.14 127 8 7.3 2.50 2.50 3.4 
3.4 7.26 128 
9 6.8 3.00 3.00 3.5 
2.8 8 .45 129 10 6.4 7.00 7.00 2.2 
2.8 22.56 130 11 6.2 25.00 27 .18 3.5 
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Table 1. (Cont'd) 
River Hile Transect Transect Total Transect Reach Reach Reach 
Transect of Conveyance Cross Section Depth Depth Volume 
Transect Area million 
1000 sq.ft. 1000 sq. ft. ft ft cu.ft. 
Wilson's Creek 
1 5 .1 0.79 0. 79 2.2 
2.8 4.03 139 
2 4.5 1.75 1.75 3.3 
3.6 4.06 140 I-' 
3 4 .1 2 .77 2. 77 3.9 
w 
4.0 9.23 141 
4 3.7 3.71 3.71 4.0 
4 .1 3.68 142 
5 3.6 5.32 7.89 4.2 
143 
Transect 
Velocity 
Transect 
Velocity 
Transect 
Velocity 
Transect 
Velocity 
Transect 
Velocity 
1 
0.2 
1 
0 .03 
8 
0 .10 
1 
0.20 
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Table 2. Amplitudes of Tidal Velocities 
2 
0.2 
9 
0. 35 
2 
0.03 
9 
0.13 
2 
0.25 
Ware River 
3 4 S 6 7 8 
0.11 o.39 o.44 o.41 a.so o.30 
10 
0.26 
3 
o.os 
10 
0.08 
3 
0.31 
11 
o.38 
Fox Mill Run 
4 s 
o.os 0.06 
11 
0.04 
Wilson's Creek 
4 
0.38 
s 
0.40 
6 7 
0.06 0.08 
ft/sec 
ft/sec 
ft/sec 
ft/sec 
ft/sec 
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the parameters were modified until the predicted salinity distribution matched 
the field data. Manning's n was assumed to be 0.05 and results were 
satisfactory for v' = 3.0. (see Hyer, et al., 1977; eq. 23) 
2. Biochemical Rate Constants 
Biochemical rate constants include Kl (CBOD decay rate), KNll (settling 
rate of organic-N), KN12 (the hydrolysis rate of organic- N to ammonia-N), KN23 
(the nitrification rate), KN33 (nitrite and nitrate-N removal rate), KPll 
(organic-? settling rate), KP12 (the organic-? to inorganic-P conversion 
rate), and KP22 (inorganic-? settling rate). Values were obtained in a 
calibration process similar to that used to derive dispersion constants. 
Typical literature values were assumed and modified, within reported limits, 
to improve model simulations. The values of the biochemical rate parameters 
used in the model were KNll = 0/day; KN12 = 0.003/day/ C; KN23 = 0.02/day/ C; 
KN33 = 0.1/day; KPll = 0/day; KP12 = 0.001/day/ C, and KP22 = 0.1/day, applied 
uniformly throughout the estuary. KN12, KN23 and KP12 are linearly dependent 
on temperature. The CBOD decay rate, Kl, was 0.02/day (at 20 C) in the main 
stem and Wilson's Creek; 0.05/day (at 20 C) . in Fox Mill 
temperature correction factor of Kl= (Kl) 
20 
3. Phytoplankton Related Coefficients 
T-20 
* (1.047) 
Run, 
Phytoplankton related coefficients are considered to be 
with a 
uniform 
throughout the system. Their values, except for average light intensity, are 
obtained through the calibration procedure and are reported in Table 3. 
C. Input Parameters 
Parameters input to the model include the location and magnitude of point 
and non-point sources of pollutants, the amount of daily solar radiation, 
benthic oxygen demand, freshwater inflow, the temperature, turbidity and a set 
of boundary conditions. 
Symbol 
a 
n 
a 
p 
a 
C 
PQ 
RQ 
k 
gr 
k 
g 
k 
cs 
I 
a 
I 
s 
k 
mn 
k 
mp 
RllliSP 
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Table 3. Phytoplankton Related Coefficients 
Name 
Nitrogen/chlorophyll ratio 
Phosphorus/chlorophyll ratio 
Carbon/chlorophyll ratio 
Photosynthetic Quotient 
Respiration Quotient 
Unit 
mg N/ug Chl 
mg P/ug Chl 
mg C/ug Chl 
(1) 
(1) 
0 
Saturation Growth Rate 1 / day @ 20 C 
(linearly dependent on temperature) 
Zooplankton Grazing Kate 1/day 
Phytoplankton Settling Rate 1/day 
Solar Radiation langleys/day 
Saturated Light Intensity langleys/day 
Nitrogen Michaelis Constant mg N/1 
Phosphorus Michaelis Constant mg P/1 
Endogenous Kespiration Rate 1/day-C 
(linearly dependent on temperature) 
Value 
-2 
1 X 10 
-3 
1 X 10 
-2 
4 .2 X 10 
1.4 
1.0 
2.2 
0.06 
0 .1 
560 
300 
.0 .025 
0.001 
0.008 
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1. Point Sources of Pollution 
Fox Mill Run is the only tributary containing a point-source (150,000 
gallons of effluent per day from a secondary sewage treatment plant). Data on 
poin~source inputs were obtained from direct field measurements made during 
the July, 1980 and March, 1981 intensive surveys. Five day biochemical oxygen 
demand levels were obtained from NPDES reports and a SWCB study of Fox Mill 
Run (Rhodes, 1977). Discharge was measured directly in 1980, and obtained 
from daily records kept by the Gloucester STP for the 1981 data set. 
There was a substantial difference in the composition of nitrogen fractions 
between the data sets · of 1980 and 1981. Even though the measured values of 
total nitrogen were about the same, the ratio of ammonia nitrogen to organic 
nitrogen shifted from 2:1 in 1980 to 8:1 in 1981 data sets. This may 
reflect a difference in actual loadings, or may be an artifact of the grab 
samples. Because the 1981 observation was based on a single grab sample, 
the more intensive data set of 1980 was used to characterize this aspect of 
point source loadings for both model calibration and verification runs. The 
inputs for the two model runs are listed in Table 4. 
point source is shown in Figure 3. 
2. Nonpoint Sources of Pollution 
The location of the 
Input values for nonpoint sources of pollution were obtained from 
baseflow grab samples collected in Beaverdam Swamp at the U.S.G.S. gaging 
station. The recorded amount of flow was multiplied by the concentrations of 
the water quality constituents in the sample. These were then divided by the 
drainage areas to yield a mass flux per unit area. 
3. Sunlight 
An· average light intensity of 560 langleys per day for the calibration 
period was derived from Mean Daily Solar Radiation values (Dept. of Commerce, 
r 
WBS8 
() 1980 Intensive Stations 
• 1981 Intensive Stations 
() 1980 and 1981 Intensive Stations 
· 1 mile 
• Wl 
Figure 3. Plan view of intensive sampling stations. 
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Table 4. Input Parameters for the Model Calibration and Verification Runs 
Parameter Definition Units Calibration 
(July 1980) 
QWAST Wastewater flow rate cfs 0.2 
WS Salinity in wastewater ppt 0 .1 
WNl Organic nitrogen loads lbs/day 6.5 
WN2 Ammonia nitrogen loads lbs/day 13 .8 
WN3 Nitrate, nitrate nitrogen 
loads lbs/day 4.9 
WPl Organic phosphorus loads lbs/day 3.8 
WP2 Inorganic phosphorus loads lbs/day 8.7 
WBOD Carbonaceous BOD loads lbs/day 60 .OIi 
DOWAST Dissolved oxygen concen-
tration mg/1 11.0 
TEMP Water temperature centigrade 25 
RIA Light intensity langleys/ 
day 560& 
DISCH Freshwater discharge cfs 13.6* 
* 
II 
obtained from U.S.G.S. hydrological data 
obtained from NPDES permit 
Verification 
(March 1981) 
0.2 
0 .1 
5.5 
12.2 
2.3 
2.3 
6 .1 
60.0II 
7.3 
9 
300& 
7.5* 
data from Office of c·limatology, Weather Bureau, U. s. Dept. of 
Commerce 
20 
2 
Table 5. Benthic Demand (gm O /m /day) 
2 
Ware River 
Segment 1 2 3 4 5 6 7 8 9 10 
Demand 1 .6 1.6 1.5 1.5 1.0 1.0 1.0 0.58 0.64 0.64 
* Field Station W5 W5 W3 W2 W2 
Fox Mill Run 
Segment 121 122 123 124 · 125 126 127 128 129 130 131 
Demand 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Wilson's Creek 
Segment 1 2 3 4 
Demand 1.4 1.4 1.4 1.4 
* See Figure 3 
21 
1964). 
4. Benthic Demand 
Values of benthic demand were obtained from VIMS field surveys on August 
7, 1979 and August 14, 1980, at the sites listed in Table 4 and shown in 
Figure 3. These point values of benthic demand were assumed to apply to t.he 
stretches of river adjacent to each station. Field measurements were not 
available for the tributaries. Table 4 gives the benthic demand allocated to 
each model segment~ 
5. Freshwater Inflow 
Several small freshwater streams drain the Ware River basin. A U. S. 
Geological Survey gaging station is located on one of the major tributaries, 
Beaverdam Swamp. The flow at this station was divided by the area it drains 
to determine the flow per unit area. This value was then applied to all 
drainage areas to determine the appropriate freshwater flows for each river 
segment. 
6. Temperature 
The average temperature of the Ware River System during the July, 1980 
field survey was 25 C and this value is used in the model calibration. 
7. Turbidity 
Turbidity was sampled in-situ with a secchi disk and used as a measure of 
the rate of light extinction in the water column. The rate of extinction of 
sunlight striking the surace of the water, in turn, affects the growth rate of 
the phytoplankton population. 
Sverdrup, et al. (1970) give a formula for converting secchi readings to 
extinction coefficients as 
1.7 
k = 
e · D 
d 
22 
-1 
where k is the extinction coefficient (meter 
e 
(meter). 
) and D is the secchi depth 
d 
Since chlorophyll-a values were quite low (<15 ug/1) throughout the 
estuary, field measurements were not corrected to elimlnate the 
phytoplankton related turbidity. Values of the extinction coefficients used 
in the model are reported in Table 5. 
8. Reaeration coefficient (k ). 
2 
O'Connor and Dobbins (1956) presented a theoretical derivation of the 
reaeration coefficient, in which fundamental turbulence parameters were 
taken into account. They derived the following formula 
1/2 
(D U) 
C 
(k) = ----------
2 3/2 
20 H 
where D is the molecular diffusivity of oxygen in water, U and H are the 
C 
cross-sectional mean velocity and depth respectively, and (k) is the 
2 20 
reaeration coefficient at 20 C. To adjust k for temperatures other than 20 
C, the A.S.C.E. (1961) formula is used 
k = (k) 
2 2 20 
(T-20) 
* 1.024 
where T is the water temperature in centigrade degrees. · 
9. Boundary Conditions 
The model requires a set of specified boundary conditions at the upstream 
end of each river branch and at the downstream end of the main channel. These 
concentrations, assumed constant over the calibration period, were obtained in 
July, 1980, from values measured in the Ware River during the VIMS intensive 
survey and are reported in Table 6. 
-1 
Table 6. Extinction Coefficient (meter ) 
Ware River 
Segment 1 2 3 4 5 6 7 8 9 10 i 1 
Coefficient 3.8 3.8 3.8 3.0 3.0 2.5 2.0 1.5 1.4 1.4 1.0 
Fox Mill Run 
N 
Segment 1 2 3 4 5 6 7 8 9 10 w 
Coefficient 5.0 s.o 5.0 5.0 5.0 5.0 5.0 s.o s.o 5.0 
Wilson's Creek 
Segment 1 2 3 4 
Coefficient 2.8 2.8 3.2 2.8 
Table 6. Boundary Concentrations 
(August 1980, Calibration Period.) 
Salinity Org N NH -N NO -N Org P Inorg P Chl 'a' CBOD DO 
4 3 
(ppt) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 
Ware River 
Cone. of lateral 
inflow 0 .1 0.40 0.05 0 .14 0.07 0.09 1 o.o 3.4 7.5 
N 
upstream 9.7 0.80 0.01 0.01 0.12 0.01 15 .o 3.4 6.00 .,.. 
downstream 18.6 0.61 0.01 0.01 0.04 0.01 9.0 3.5 6.46 
Fox Mill Run 
upstream 0 .1 0.25 0.02 0.13 0.07 0.02 0.65 2 .1 6.4 
Wilson's Creek 
upstream 15.0 0.6 0.01 0.01 0.05 0.01 6.0 3.4 7.0 
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V. MODEL CALIBRATION AND VERIFICATION 
In the formulation of an ecosystem model, there are a number of 
parameters, especially biochemical rate constants, which cannot be assigned a 
priori values. The values of these parameters are obtained through the 
calibration procedure. 
In this procedure predictions of water quality, based on calibration 
parameter values derived from literature or from experience, are compared with 
actual field data. The calibration parameters are then adjusted (within 
reasonable limits) in an iterative fashion until a satisfactory agreement 
between predicted water quality and field data is obtained. 
Comparison of the calibrated model predictions with field measurements of 
water quality is one method of judging the applicability of a model. ·A more 
rigorous method is through the verification procedure in which the calibrated 
model, supplied with suitable input parameters, is used to provide a second 
set of water quality predictions for comparison with a second set of field 
data. If the agreement between the second set of predictions and field data 
is good, the model is considered verified and confidence in its predictive 
capability is implied. 
A. Model Calibration 
The Ware River model was calibrated using field data collected in an 
intensive river survey conducted on July 9-10, 1980. Thirteen stations 
(Figure 3) were manned for a 24-hour period and sampled hourly for 
temperature, salinity, and dissolved oxygen. Total kjeldahl nitrogen, ammonia 
nitrogen, nitrate and nitrite nitrogen, total and soluble reactive phosphorus, 
CBOD , and chlorophyll 'a' were sampled every three hours. During the period, 
5 
water temperatures averaged 25 C and freshwater discharge at the U.S.G.S. gage 
at Beaverdam Swamp measured 13.6 cfs. 
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Values of each parameter sampled were temporally and depth averaged and, 
where necessary, converted to parameters used in the model via the following 
relationship: 
Organic Nitrogen= Total Kjeldahl Nitrogen - Ammonia Nitrogen 
Inorganic Phosphorus= Soluble Reactive Phosphorus (S.R.P.) 
Organic Phosphorus= Total Phosphorus - S.R.P. 
The 
CBOD ~ (1.62) CBOD + 1.47. 
u 5 
last equation abov.e was derived to convert CBOD 
5 
to BOD since 
u 
samples were collected only once at each station during the survey. 
CBOD 
u 
It was 
obtained by performing a linear regression on 83 paired observations of CBOD 
5 
and BOO samples collected from the Ware River. The resulting correlation, 
u 
(r squared) equalled 0.91, which implies that there is a strong relationship 
between the two measurements based on the above equation. It should be 
noted that the regression equation has a non-zero intercept at zero CBOD 
5 
This is theoretically impossible, but an artifact of statistical analysis. 
Since the equation is used as a tool only to convert CBOD data to CBOD 
5 u 
and the inclusion of non-zero intercept results in a better correlation for 
over-all data set, it is used without modification. 
The intensive survey field data and results of the model calibration are 
presented graphically for the Ware River and its tributaries in Figures 4-12. 
Both the range of the field data and the average values (over depth and over 
two tidal cycles) are given, as well as the daily average of the values 
predicted by the model. 
B. Model Verification 
The Ware River model was verified using field data from an intensive 
river survey conducted March 25 and 26, 1981. Water temperatures averaged 9 C 
in the estuary and freshwater inflow was gaged at 7.5 cfs. This low flow, 
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only about half the rate recorded during the previous summer survey, was due 
to unusually dry meteorological conditions. The stations in the Hain Stem 
and Wilson Creek were sampled every three hours over a 24-hour period (Fig. 
3). The stations in Fox Mill Run were sampled only twice over the same 
period. Data to characterize the point source was obtained from a single 
grab sample collected at 11:30 a.m. on March 25. Due to the scarcity and 
greater uncertainty in the data, the ~tandard imposed for comparison of 
calibration field data and model predictions may necessitate a degree of 
relaxation when examining verification field data and predictions in Fox 
Mill Run. Ranges and means from the field data and time averaged model 
predictions for the verification period are presented in Figures 13-21. 
·The results , of the initial verification are not as successful as the 
calibration for concentrations of nitrite and nitrate nitrogen. 
Discrepancies occur between the field data and the predictions, with the 
model showing excessive concentrations of the nitrite-nitrate nitrogen in 
Fox Mill Run. The model showed maximum levels to occur 0.5 miles downstream 
of the observed peak in the vicinity of the wastewater outfall. The elevated 
model predictions over observed field data can probably best be explained by 
temperature effects: the model suggests that nitrification is occurring. 
However, at such cool temperatures ((10 C), in situ biological activity, 
specifically the nitrification of ammonia nitrogen by bacterial action, could 
proceed at substantially reduced rates. Hence, an additional verification 
run was made with the nitrification rate (kn23) reduced from 0.02 to 0.001 
throughout the estuary to simulate the observed, reduced nitrification rate. 
Results of that final verification run after adjustments were made showed good 
agreement between the field data and model predictions. There was good 
agreement between field observations and predictions for the other parameters 
throughout the verification process, with or without adjustments of kn23. The 
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results of the verification simulations are shown in Figures 12-21, with 
results for both nitrification rates shown in Figures 14-16. It should be kept 
in mind that the model verification was tested under vastly different 
temperature and hydrological conditions than the calibration run. This 
suggests that the model is a reasonable predictive tool for practical 
applications, although nitrification rates need to be reduced substantially 
for temperature regimes (10 C. 
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